Untreated cellulose filters adsorbed only small amounts of poliovirus 1, echovirus 5, coxsackievirus B5, oir bacteriophage MS2 that were added to tap water or to solutions of imidazole-glycine buffer at pH 5 to 7. Modification of filters by in situ flocculation of ferric and aluminum hydroxides greatly increased the ability of the filters to adsorb viruses. Viruses adsorbed to the modified filters could be recovered by treating the filters with 3% beef extract (pH 9.5). Greater than 60% of the enteroviruses and greater than 55% of the MS2 added to tap water or buffer could be recovered in the beef extract eluate.
Viruses have been recovered from water by using different types of filters and adsorption-elution procedures (2, 3, 4, 11, 12, 16) . The use of filters has permitted recovery of low numbers of viruses from relatively large volumes of water. Viruses can also be recovered from solutions by adsorption to insoluble precipitates of metallic ions. In particular, insoluble salts of aluminum, calcium, and magnesium have been found to efficiently adsorb a variety of viruses (2, 3, 13, 15) . Ferric chloride has been used to enhance the formation of virus-adsorbing flocs in solutions that have been used to elute viruses adsorbed to membrane filters (7, 11) . These flocs and precipitates have been formed in relatively small volumes of water or other liquid and collected by centrifugation or filtration. The need to use centrifugation and the limited capacity of filters to collect flocs before clogging has limited the volume of water that can be easily sampled by using these flocs for virus adsorption. Since Adsorption-elution experiments. Viruses (ca. 105 PFU/ml) were added to either tap water that had been dechlorinated by the addition of 1 ml of a 10% sodium thiosulfate solution per liter or to buffer (0.02 M imidazole, 0.02 M glycine). The tap water was adjusted to between pH 6.0 and 6.5, and the buffer was adjusted to pH 5.0, 7.0, or 9.0 by the addition of HCl or NaOH. One hundred milliliters of virus-containing solution was passed through the filters. Next, 10 ml of 3% beef extract (pH 9.5) was passed through the filters to elute adsorbed viruses. Viruses in the initial sample, the filter effluent, and the filter eluate were assayed. The viruses found in the filter effluent and in the eluate are reported as the percentage of the viruses present in the buffer or tap water before filtering. AICl3-1 N NaOH a One hundred milliliters of dechlorinated tap water at pH 6.0 to 6.5 with ca. 105 PFU of the indicated viruses per ml was passed through four layers of the filters in 25-mm holders at ca. 1 mlVs. Next, 10 ml of 3% beef extract at pH 9.5 was passed through the filters to recover the adsorbed viruses. The values represent the percentage of the virus present in the tap water before filtering. Values are the mean and range of duplicate determinations.
b Whatmann 3MM filter paper was treated with the solutions as described in the text.
RESULTS
Our initial attempts to use preformed flocs of aluminum or ferric hydroxide trapped between layers of filters to adsorb viruses were not successful (data not shown). Filters with relatively large pores (3 ,um) did not retain sufficient flocs to permit virus adsorption. Filters with smaller pores (0.25 or 0.45 jLm) retained the flocs. However, the flocs clogged the pores of these filters and greatly reduced the flow rate of water through the filters.
The use of in situ-formed flocs rather than preformed flocs eliminated these problems. Untreated filters, filters that had been treated with base alone, and filters that had been modified by in situ precipitation of aluminum chloride adsorbed less than 7% of either poliovirus 1 or bacteriophage MS2 (Table 1) . Filters formed by in situ precipitation of ferric chloride adsorbed 58% of poliovirus 1 and 44% of MS2. By using a combination of 0.5 M ferric chloride and 0.5 M aluminum chloride, the adsorption of MS2 was increased to 99% and the adsorption of pQliovirus 1 was only slightly decreased, to 50%. Therefore, subsequent tests were done with filters formed by in situ precipitation of a combination of 0.5 M ferric chloride and 0.5 M aluminum chloride.
By increasing the number of filters from four tQ six there was an increase in the amount of poliovirus 1 that was adsorbed and recovered by modified filters (Table 2) . Bacteriophage MS2 87 ± 1 46 ± 1 12 + 5 0 a The procedure described in footnote a of Table 1 ca. 105 PFU of the indicated virus per ml was passed through six layers of the filters in 25-mm holders at ca. 1 ml/s. Next, 10 ml of 3% beef extract (pH 9. Echovirus 5 and coxsackievirus B5 were not adsorbed or recovered by the modified filters as well as poliovirus 1. Although MS2 adsorbed well to six layers of filters, only 46% could be recovered. Untreated filters adsorbed 12% or less of the four viruses.
At pH 5 and 7, both poliovirus 1 and MS2 were adsorbed efficiently by filters formed by in situ precipitation of ferric and aluminum chloride (Table 3) . However, less than 10% of the viruses adsorbed to the filters at pH 9. Untreated filters did not adsorb more than 10% of the viruses at any pH value. DISCUSSION Viruses have been concentrated from water with negatively charged membrane filters (3, 5, 6, 16) . To promote virus adsorption to such filters, the pH of the water must be adjusted to approximately 3.5, or relatively high concentrations of salts such as magnesium chloride must be added to the water. Lowering the pH of the water changes the net charge on viruses to positive and permits adsorption by electrostatic interactions between the viruses and the filters (4). The addition of certain salts promotes hydrophobic interactions between the viruses and the filters and also permits virus adsorption (1) . More (12) . With these filters, little or no adjustment of the water is required to promote virus adsorption. Insoluble polymers and chargemodified filter aids, contained as sandwiches between support layers, have been used to concentrate viruses from water (9, 14) .
Flocs of ferric or aluminum hydroxide can adsorb viruses from solutions at pH 7 or higher (3, 13, 15 5 and coxsackievirus B5 is less than that of poliovirus 1.
Our results demonstrate that in situ precipitation of metallic salts can be accomplished and improves the ability of filters to adsorb viruses. In situ precipitation of metallic salts may permit the production of relatively simple and inexpensive filters for recovering viruses from water. In preliminary tests, we found that in situ precipitation can be used to improve the ability of other filters such as Millipore (nitrocellulose), Filterite (epoxy-fiber glass), Gelman (mixed esters of cellulose), and Zeta plus (diatomaceous earth and ion-exchange resin) to recover viruses from water (data not shown). Additional studies are required to determine the optimum filter material, the types of salts to be used, and the precipitation conditions.
